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(57)  Abiomaterial prepared from a process compris-
ing acellularizing the fish scales, dehydrating the fish
scales until the fish scales containing less than about
50% of water, and grinding the dehydrated fish scales
into ground particles each having an average size of less
than about 10,000 pm in diameter, wherein the ground
particles contain a mixture of sponge like matrix and pow-
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prepared from fish scales by a process comprising sub-

jecting the fish scales to a heat treatment at a temperature
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a biomaterial
and preparation method thereof, and particularly to a bi-
omaterial prepared from fish scales for use in tissue re-
pair and implantation.

[0002] Tissue engineering that involves the incorpora-
tion of a biomaterial with biologics and/or pharmaceutics
and upon implantation in a patient will stimulate angio-
genesis, tissue integration, and/or tissue remodeling.
The biomaterial is a synthetic and biocompatible material
that is used to construct artificial organs, rehabilitation
devices, or prostheses and replace natural body tissues.
[0003] For over decades, collagen fiber, hydroxyapa-
tite (HAP) and tri-calcium phosphate (TCP) are some bi-
omaterials with great biocompatibility and safety to be
used in human tissue implant. However, these biomate-
rials have disadvantages such as low mechanical
strength, risk of chemical residue in cross linking, terres-
trial animal transmitted disease.

[0004] Therefore, it is desirable to develop a biomate-
rial having a high mechanical strength, low possibility of
contracting with the terrestrial contagious disease and is
applicable to tissue repairs or implants.

BRIEF SUMMARY OF THE INVENTION

[0005] It is an aspect of the invention to provide a bi-
omaterial having a high mechanical strength, low possi-
bility of contracting with the terrestrial contagious disease
and is applicable to tissue repairs or implants.

[0006] It is another aspect of the invention to provide
a use of the biomaterial prepared by the process de-
scribed above for repairing tissues and tissue implanta-
tion.

[0007] Itis yet another aspect of the invention to pro-
vide the methods to prepare the biomaterial as illustrated
above.

[0008] It is an aspect of the invention to provide a bi-
omaterial prepared from fish scales by a process which
includes acellularizing the fish scales; and grinding the
fish scales into ground particles, wherein each of the
ground particles contain a mixture of sponge like matrix
and powder.

[0009] In an embodiment of the invention, the method
of providing a biomaterial prepared from fish scales fur-
ther includes extruding the fish scales which is the mix-
ture of sponge like matrix and powder under a tempera-
ture of less than about 200°C for forming a flaky form, a
lump form or extruding in a desired mold for forming a
specific form.

[0010] Itis an aspect of the invention to provide a bi-
omaterial prepared from fish scales by a process, where-
in before the step of grinding the fish scale, further com-
prising a step of dehydrating the fish scale. The step of
dehydrating the fish scale is performed until the fish
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scales containing less than about 50% of water. It further
comprises a step of cleaning the scale before the step
of dehydrating the scale. The step of acellularizing the
fish scale could be performed before the step of cleaning
the scale or performed before the step of dehydrating the
scale.

[0011] It is another aspect of the invention to provide
a biomaterial prepared from fish scales by a process,
which further comprises a step of separating the matrix
and powder from the ground particles.

[0012] The fish scale could have an average diameter
of less than 20 cm. For example, the fish scales can have
diameter about 10-20 cm. In particular, the material of
the biomaterial prepared from fish scales still retains the
original bonding and the 3D structure of the fish scale.
The ground particles could have an average size of less
than about 10,000 wm in diameter, but not limited. The
fish scales could be grinded into smaller size for special
use. For example, the average size of the ground parti-
cles can less than about 10 pum in diameter.

[0013] It is further another aspect of the invention to
provide a biomaterial prepared from fish scales by a proc-
ess which includes acellularizing the fish scale; and ex-
truding the fish scale for forming a flaky form, a lump form
or extruding in a desired mold for forming a specific form.
[0014] In the method of providing a biomaterial pre-
pared from fish scales, the step of extruding is performed
under a temperature of less than about 200°C. It further
comprises a step of cleaning the scale before the step
of extruding the scale. After the step of cleaning the scale,
and before the step of extruding the scale, it further com-
prises a step of dehydrating the fish scale. The step of
dehydrating the fish scale is performed until the fish
scales containing less than about 50% of water. The step
of acellularizing the fish scale could be performed before
the step of cleaning the scale or performed before the
step of dehydrating the scale. Furthermore, it comprises
an additional step of soaking the fish scales in water. This
step is optional and can be performed before the step of
extruding the scale.

[0015] Itis a further aspect of the invention to provide
a method for preparing a biomaterial. The method com-
prises dehydrating the acellularized fish scales until the
fish scales containing less than about 50% of water, and
grinding the dehydrated fish scales into ground particle
each having an average size of less than about 10,000
pm in diameter, wherein the ground particles contain a
mixture of sponge like matrix and powder. In an embod-
iment, the fish scales contain less than about 25% of
water, and the ground particles have an average size of
less than about 5,000 pm in diameter.

[0016] It is another aspect of the invention to provide
a biomaterial prepared from fish scales by a process,
which comprises subjecting the fish scales to a heat treat-
ment at a temperature of less than about 200°C.

[0017] Itis yet another aspect of the invention to derive
the biomaterial from fish scales by the methods illustrated
above.
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[0018] The biomaterial derived by the methods illus-
trated above retains the original bonding and the 3D
structure of the fish scales, therefore, it has a high me-
chanical strength, low possibility of contracting with the
terrestrial contagious disease and is applicable to repair
tissue or tissue implant.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0019] Theforegoing summary, as wellas the following
detailed description of the invention, will be better under-
stood when read in conjunction with the appended draw-
ings. For the purpose of illustrating the invention, there
are shown in the drawings embodiments which are pres-
ently preferred. It should be understood, however, that
the invention is not limited to the precise arrangements
and instrumentalities shown.

[0020] In the drawings:

[0021] FIG. 1Ais a flow chart illustrating a process for
preparing a biomaterial in accordance with the invention.
[0022] FIG. 1B is another flow chart illustrating a proc-
ess for preparing a biomaterial in accordance with the
invention.

[0023] FIG. 1Cis a flow chart illustrating a process for
preparing a biomaterial in accordance with examples 1
and 2 of the invention.

[0024] FIG. 1D is another flow chart illustrating a proc-
ess for preparing a biomaterial in accordance with exam-
ples 1 and 2 of the invention.

[0025] FIG. 1Eis a flow chart illustrating a process for
preparing a biomaterial in accordance with example 3 of
the invention.

[0026] FIG. 1F is another flow chart illustrating a proc-
ess for preparing a biomaterial in accordance with exam-
ple 3 of the invention.

[0027] FIG. 2Ais a SEM (scanning electron microsco-
py) picture of 3T3 (fibroblast cell) culture with this inven-
tion for 5 days.

[0028] FIG. 2B is a SEM picture of osteoblastoma cul-
ture with this invention for 5 days.

[0029] FIG. 3A is a confocal picture of 3T3 (fibroblast
cell) culture with this invention for 5 days.

[0030] FIG. 3B is a confocal picture of osteoblastoma
culture with this invention for 5 days.

[0031] FIG. 4 is a H&E stain picture of osteoblastoma
cell culture with this invention for 5 days.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Reference will now be made in detail to the
present embodiments of the invention, examples of
which are illustrated in the accompanying drawings.

[0033] Referring to FIG. 1A, the present invention re-
lates to a biomaterial prepared from fish scales 9. The
biomaterial is prepared by a process which comprises
the steps of acellularizing the fish scales 9 (S10), dehy-
drating the fish scales 9 (S12) until the fish scales 9 con-
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tain less than about 50% of water. The dehydrated fish
scales 9 are then ground (S13) into a ground product
having a particle size of less than about 10,000 pm. In
an embodiment, the fish scales 9 contain less than about
25% of water, and the ground particles have an average
size of less than about 5,000 pm in diameter.

[0034] In accordance with some examples of the in-
vention, the fish scales 9 may be freshly provided in a
chilled or frozen manner. In a specific example of the
invention, the fish scales 9 each having an average size
less than about 20 cm in diameter may be selected for
preparing the biomaterial. First, the fish scales 9 are acel-
lularized with a reagent such as hypotonic solution, de-
tergent, Triton X-100, SDS (sodium dodecyl sulfate), pro-
tease inhibitor, DNase, RNase and so on to remove the
cells of the fish scales 9 so as to avoid residual cells
affecting the tissue repairs, implants and the biocompat-
ibility. For example, it may cause the host immune re-
sponse against the biomaterial and the rejection without
acellularizing.

[0035] Prior to dehydration of the fish scales, the fish
scales 9 may be cleaned by washing (S11) in a steam
with other cleaning agents including but not limited to
surfactant, detergent, warm water and polar solvent such
as ethanol atabout 60 °C. However, the presentinvention
is notlimited to any particular cleaning step. For example,
the fish scales are clean enough to pass Limulus Ame-
bocyte Lysate (LAL) test which is an assay for detection
and quantitation of bacterial endotoxin. Preferably, the
cleaned fish scales would have a LAL test score less
than about 1000 Eu/ml.

[0036] Referring to FIG. 1B, it is another flow chart il-
lustrating a process for preparing a biomaterial in accord-
ance with the invention. The steps of preparing the bio-
material are almost the same with FIG. 1A except that
the step of acellularizing the fish scales 9 (S10) is per-
formed after the step of cleaning the fish scales 9 (S11).
The sequence of the step of acellularizing the fish scales
9 (S10) and the step of cleaning the fish scales 9 (S11)
is optional.

[0037] According to one example of the invention, the
fish scales 9 is dehydrated (S12) by air spraying, oven,
freeze drying or any other conventional dehydration
methods available so far. Also, the fish scales can be
dehydrated by soaking the fish scales in the ethanol or
other polar organic solvent. The fish scales are dehydrat-
ed until their water content is less than about 50%, pref-
erably less than about 25%. According to another exam-
ple of the invention, the dehydrated fish scales may be
ground into particles each having an average size of less
than about 10,000 wm, preferably about 5000wm, in di-
ameter. The ground particles may contain a mixture of
sponge like matrix 14 and powder 15. For example, the
ground particles may be further filtered using an optimal
sieve to isolate the matrix and powder. The filtering step
may be carried out with an aid of a vibrating means to
enhance the sieving effect. As a result, the particles fil-
tered out from the sieve provide the biomaterial in a pow-
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der form, whereas the filtrate that remains from the filter-
ing step makes up the biomaterial in a matrix form. Also,
the device adopted for grinding the fish scales are not
limited to using any particular grinder, grinding machine
or any equipment used to reduce the particle size of the
fish scales, as long as each of the ground particles has
an average size of less than about 10,000 wm, preferably
less than about 5000um, in diameter.

[0038] These products may be further processed, for
example, by extrusion (S16), filtering, fully or partially dry-
ing and sterilizing to yield sterilized biomaterials. In a pre-
ferred embodiment, these steps may be performed with
or without heating. These products may be used in com-
bination with a variety of connective tissue repair com-
positions, or in combination with other active or inactive
ingredients.

[0039] In one other example, the dehydrated fish
scales 9 may be extruded, such as a heat treatment per-
formed at a temperature of less than about 200 °C, to
produce the biomaterial in a flaky form, a lump form or
extruding in a desired mold for forming a specific form
17. The extrusion process could also be performed under
0°C with the frozen fish scales. However, the present
invention is not limited to the above method for producing
the biomaterial in the forms illustrated above. For exam-
ple, the fish scales may also be extruded (S16) at the
temperature of less than about 200 °C after the cleaning
step (S11) to produce the biomaterial in a flaky form, a
lump form or extruding in a desired mold for forming a
specific form 17 and it is easy to proceed to the step of
extrusion after dehydrated fish scales 9. An additional
step (S18) of soaking the fish scales 9 in water is option-
ally performed before the extrusion process (S16), but
after the cleaning step (S11). Moreover, in yet another
example of the invention, the biomaterials in the matrix
14 or powder form 15 may be further extruded (S16) at
a temperature of less than about 200 °C to convert into
the biomaterial in the flaky form, the lump form or extrud-
ing in a desired mold for forming the specific form 17.
However, the extrusion described above is not limited to
use the heat treatment in the present invention. One
skilled in the art may also use other heat treatments such
as thermal extrusion of any type, thermal pressing and
molding steps to produce the biomaterial with a flaky
form, a lump form or a specific form.

[0040] The biomaterial of the invention contains tissue
repair factors and may be manufactured into a tissue
repair material for repairing a variety of tissue damages
and tissue defect sites. For example, the biomaterial of
the invention may be prepared for injection or insertion
at, into, onto or near bone defect sites, cartilage repair
sites, dental alveolar repair site or other soft tissue defect
sites. In other examples, the biomaterial may be made
as adressing for transplantation, implantation on surgical
grafts or implants to be implanted at, into, onto or near
bone defect sites, cartilage repair sites or other tissue
defect sites. Accordingly, the invention is also applicable
to connective tissue surgical implant with the tissue repair
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material derived from fish scales, whereby the surgical
implant is implanted at a connective tissue defect site.
[0041] Summarizing from the above, the invention re-
lates to a biomaterial in powder and/or matrix and/or flaky
form prepared from the fish scales 9 for use in a variety
of tissue repairs and implantations. These fish scales 9
derived products, also referred to herein as the bioma-
terial in a powder form, matrix form, flaky form or extrud-
ing in a desired mold for forming the specification 17 may
contain tissue repair factors and may be further proc-
essed to produce a variety of formulations and consist-
encies.

[0042] The invention will now be described in further
detail with reference to the following specific examples.

Example 1: Matrix form

[0043] Referring to FIG. 1C, the process for preparing
the biomaterial with example 1 in a matrix form from fish
scales begins with step (S20), where the fish scales 9
are acellularized S20, then the fish scales are cleaned
(S19) with a steam or vapor, for example, until the clean
fish scales have a LAL test score of less than about 1000
Eu/ml. Referring to FIG. 1D, it is a flow chart illustrating
another process for preparing a biomaterial in accord-
ance with example 1 of the invention. First, the fish scales
9 are cleaned (S19), the cleaned fish scales would have
a LAL test score less than about 1000 Eu/ml. Then, the
fish scales 9 are acellularized (S20). The sequence of
the step of acellularizing the fish scales 9 (S20) and the
step of cleaning the fish scales 9 (S19) is optional. The
process then proceeds to step (S21). In step (S21), the
fish scales are dehydrated until the fish scales contain
less than 50% of water. Next, in step (S22), the dehy-
drated fish scales are ground into particles each having
an average size of less than 10000 pm in diameter. The
ground particles contain a mixture of sponge like matrix
and powder. The process proceeds to step (S23). In step
(S23), afiltering step is carried out using an optimal sieve
for separating the matrix from the mixture. Accordingly,
the filtrate from the filtering step makes up the matrix.
The matrix contains fibrous tissue that is composed of
HAP, TCP and collagen.

Example 2: Powder form

[0044] Referringto FIG. 1C and FIG. 1D, they are the
flow charts illustrating the process for preparing a bioma-
terial in accordance with example 2 of the invention, the
process for preparing the biomaterial in a powder form
is similar to that for the biomaterial in matrix form except
the step of filtering (S23) which is performed with a sieve
and the biomaterial in grinding particle form include the
powder filtered out and matrix left on the sieve after the
filtering step (S23) is carried out. Therefore, the powder
form differs from the matrix form in that the powder form
has a definite or mechanical structure. It is noted that the
biomaterial in the present invention does not have per-
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formed with enzyme, so it retains not only the collagen,
HAP, but also the original bonding and the 3D structure
of the fish scale. The powder form is different from the
matrix form and the powder size is less than 5000pm in
diameter.

Example 3: Flaky form, a lump form or extruding in a
desired mold for forming a specific form.

[0045] Referringto FIG. 1E, itis a flow chartillustrating
a process for preparing a biomaterial in accordance with
example 3 of the invention to produce the biomaterial in
a flaky form, a lump form or extruding in a desired mold
for forming a specific form. The process for preparing the
biomaterial from fish scales begins with step (S30),
where the fish scales are acellularized, then the fish
scales are cleaned (S29) until the clean fish scales have
a LAL test score of less than about 1000 Eu/ml.

[0046] Referring to FIG. 1F, it is another flow chart il-
lustrating a process for preparing a biomaterial in accord-
ance with example 3 of the invention to produce the bi-
omaterial in a flaky form, a lump form or extruding in a
desired mold for forming a specific form. The process for
preparing the biomaterial from fish scales begins with
step (S29), where the fish scales are cleaned (S29) until
the clean fish scales have a LAL test score of less than
about 1000 Eu/ml, then the fish scales are acellularized
(S30).The sequence of the step of acellularizing the fish
scales 9 (S30) and the step of cleaning the fish scales 9
(S29) is optional.

[0047] The process then proceeds to step (S31). In
step (S31), the fish scales are dehydrated until the fish
scales contain less than 25% of water. Next, in step
(S32), the dehydrated fish scales are ground into parti-
cles each having an average size of less than 5000p.m
in diameter. The ground particles contain a mixture of
sponge like matrix and powder. The process proceeds
to step (S33). In step (S33), a filtering step is carried out
using an optimal sieve for separating the matrix and pow-
derfrom the mixture. The process proceeds to step (S34)
which includes extruding the matrix and powder. The ma-
trixand powder can be respectively performed in the step
of extruding. That is, in the step of extruding, the matrix
and powder can be combined together. Besides, the ma-
trix and powder can be combined together with different
percentage for different purpose, such as bone repair or
skin repair.

[0048] Alternatively, the step (S34) can be performed
directly after the cleaning step (S29) is performed to sim-
plify the overall process in the process for preparing the
biomaterial. Also, the process may include the cleaning
and dehydration steps before performing the extrusion
step on the cleaned and dehydrated fish scales as shown
in FIG. 1E and FIG. 1F.

[0049] Accordingly, the dehydrated fish scales,
cleaned fish scales without dehydration, or the biomate-
rials derived from the fish scales in matrix or powder form
are extruded to produce the biomaterial in a flaky form,
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a lump form or extruding in a desired mold for forming a
specific form. The biomaterial derived from whole fish
scale or fish scales with different types, previously cold
pressed with a pressure of more than 100g in 2.5 cm3,
preferably, more than 1 kg in 2.5 cm3, are submitted to
hot pressing performed at a temperature of less than
about 200 °C in a desired mold.

[0050] The temperature in the step of extruding just
gives an example, not limited. For example, the fish
scales can be extruded during -18°C to 4°C, 30°C to
60°C, less than about 200 °C. Further, the time of extru-
sion process is different with different pressure. The
cross linking of the biomaterials can be achieved physi-
cally by heating or chemically by adding with a cross link-
er such as glutaraldehyde, EDC (1-Ethyl-3-(3-dimethyl-
aminopropyl)-carbodiimide) at an optimal concentration
before extrusion is performed. The cross linker is reactive
with the amines group or other reactive group in the bi-
omaterials.

[0051] During the step of acellularizing the fish scales,
only the most albumin and few glycosaminoglycans are
removed, the collagen, elastin and most of the gly-
cosaminoglycans are residual in the extracellular matrix
of the original structure, therefore, the acellularized bio-
material can supply the structure for cells to move in and
has good biocompatibility.

[0052] FIG. 2A is a SEM picture of 3T3 (fibroblast cell
22) culture with the biomaterial 20 described in present
invention for 5 days. FIG. 2B is a SEM picture of osteob-
lastoma 24 culture with the biomaterial 20 described in
the present invention for 5 days. These pictures show
that cells(fibroblast 22 or osteoblastoma 24) can grow
well on the biomaterial 20 described in the present in-
vention.

[0053] FIG. 3A is a confocal picture of 3T3 (fibroblast
cell) culture with this invention for 5 days. FIG. 3B is an
confocal picture of osteoblastoma culture with this inven-
tion for 5 days. These pictures show that cells(fibroblast
or osteoblastoma) can grow well on this invention.
[0054] FIG. 4 is a H&E stain picture of osteoblastoma
cell 24 culture with the biomaterial 20 described in the
present invention for 5 days. These pictures show that
osteoblastoma cell 24 can growth well on the biomaterial
20 described in the present invention.

[0055] Other embodiments of the invention will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the invention disclosed here-
in. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit
of the invention being indicated by the following claims.
[0056] It will be appreciated by those skilled in the art
that changes could be made to the embodiments de-
scribed above without departing from the broad inventive
concept thereof. It is understood, therefore, that this in-
vention is not limited to the particular embodiments dis-
closed, butitis intended to cover modifications within the
spirit and scope of the present invention as defined by
the appended claims.
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Claims

1.

10.

1.

A method for preparing a biomaterial from scales,
comprising the step of:

acellularizing a fish scale; grinding the fish scale
into a plurality of ground particles,
wherein the ground particles contain a mixture
of sponge like matrix and powder.

The method according to claim 1, further comprising
a step of subjecting the sponge like matrix and pow-
der to an extrusion at a temperature of less than
about 200°C or in a desired mold for forming a flaky
form, a lump form or a specific form.

The method according to claim 1, further comprising
a step of dehydrating the scale before grinding the
scale.

The method according to claim 3, wherein the step
of dehydrating the scale is performed dehydrating
the scale until the scale containing less than about
50% of water.

The method according to claim 3, further comprising
a step of cleaning the scale before dehydrating the
scale.

The method according to claim 5, wherein the step
of acellularizing the fish scale is performing before
the step of cleaning the scale.

The method according to claim 3, wherein the step
of acellularizing the fish scale is performing before
the step of dehydrating the scale.

The method according to claim 1, further comprising
a step of separating the matrix and powder from the
ground particles.

The method according to claim 1, wherein the step
of grinding comprises grinding the scale into a plu-
rality of ground particles until the ground particles
having an average size of less than about 10,000
pm in diameter.

The method according to claim 1, wherein the step
of grinding comprises grinding a fish scale into a plu-
rality of ground particles, wherein the fish scale has
an average diameter of less than 20 cm.

A method for preparing a biomaterial from scales,
comprising the step of:

acellularizing a fish scale; subjecting a scale to
an extrusion process or in a desired mold for
forming a flaky form, a lump form or a specific
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12.

13.

14.

15.

16.

17.

18.

19.

10
form.

The method according to claim 11, wherein the ex-
trusion is performed at a temperature of less than
about 200°C.

The method according to claim 11, further compris-
ing a step of cleaning the scale before subjecting the
scale to the extrusion process.

The method according to claim 13, further compris-
ing a step of dehydrating the scale after cleaning the
scale, but before subjecting the scale to the extrusion
process.

The method according to claim 14, wherein the step
of dehydrating the scale comprises dehydrating the
scale until the scale containing less than about 50%
of water.

The method according to claim 14, wherein the step
of acellularizing the fish scale is performing before
the step of dehydrating the scale.

The method according to claim 13, wherein the step
of acellularizing the fish scale is performing before
the step of cleaning the scale.

The method according to claim 11, further compris-
ing a step of soaking the scale in water before sub-
jecting the scale to the extrusion process.

The method according to claim 11, wherein the step
of subjecting the scale to the extrusion process com-
prises subjecting the scale to the extrusion process
for forming the flaky form, wherein the scale has an
average diameter of less than 20 cm.
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